BIOCHEMICAL SOCIETY TRANSACTIONS 0.8/0.2, acrylamide: bis :diallyltartardiamide, 0.5 x TBE [ 1 X TBE = 0.089 M-Tris base, 0.089 M-boric acid, 0.002 M-EDTA) which had been pre-electrophoresed overnight at 75 V in 0.5 XTBE buffer. Protein standard markers were loaded in parallel lanes and the gel was electrophoresed for 1500 V h. The gel was stained with Coomassie Brilliant Blue R to visualize the protein standards, dried and exposed to autoradiographic film overnight. Fig. 1 shows that the ERE/SRE-BP complex migrates to a position where proteins of 213 kDa are prevented from further progression through the gradient gel. Lanes 1 and 2 demonstrate ERE/SRE-BP complex formation using partially purified SRE-BP and HeLa WCE, respectively. The third lane shows complex formation using HeLa WCE after storage at 4°C for longer than 6 weeks. We believe the complex formed in lane 3 is a proteolysed form of the SRE-BP which retains the DNA-binding activity of the SRE-BP, but loses the sequence specificity characteristic of the SRE-BP [l]. Taking into account the molecular mass of the doublestranded ERE oligonucleotide used for complex formation ( 13.6 kDa), we have determined that the sequence-specific SRE-BP binds to the ERE oligonucleotide as a 200 kDa f 27 kDa protein complex.
0.8/0.2, acrylamide: bis :diallyltartardiamide, 0.5 x TBE [ 1 X TBE = 0.089 M-Tris base, 0.089 M-boric acid, 0.002 M-EDTA) which had been pre-electrophoresed overnight at 75 V in 0.5 XTBE buffer. Protein standard markers were loaded in parallel lanes and the gel was electrophoresed for 1500 V h. The gel was stained with Coomassie Brilliant Blue R to visualize the protein standards, dried and exposed to autoradiographic film overnight. Fig. 1 shows that the ERE/SRE-BP complex migrates to a position where proteins of 213 kDa are prevented from further progression through the gradient gel. Lanes 1 and 2 demonstrate ERE/SRE-BP complex formation using partially purified SRE-BP and HeLa WCE, respectively. The third lane shows complex formation using HeLa WCE after storage at 4°C for longer than 6 weeks. We believe the complex formed in lane 3 is a proteolysed form of the SRE-BP which retains the DNA-binding activity of the SRE-BP, but loses the sequence specificity characteristic of the SRE-BP [l] . Taking into account the molecular mass of the doublestranded ERE oligonucleotide used for complex formation ( 13.6 kDa), we have determined that the sequence-specific SRE-BP binds to the ERE oligonucleotide as a 200 kDa f 27 kDa protein complex.
These results indicate that the form of SRE-BP which is bound to a steroid response element has a molecular mass of 200 kDa+ 27 kDa. This is very similar to the molecular mass that we have determined by gel-filtration chromatography and we therefore conclude that the stable form in solution is the active DNA-binding species. where Fi", K?'" represent the usual quantities for the M.E.
[ 11 adenylate cyclase, and VRf', K r," for the cyclic AMP phosphodiesterase. z ( a ) , r ( h ) , w( h ) are increasing functions of their argument. Eqns l(a) and l(b) can be written more compactly and generally as:
h=g(a, h ) + D , , A h
(2) Upon hormone activation, KSYC becomes large enough, the autocatalysis for a in eqn l(a) becomes strong enough, and the production (positive) term in eqn l(a) overcomes the loss (negative) terms in eqn l(a), and we then have f , > 0 (f, is the partial derivative of f with respect to a). The mathematical expression in eqn l(a) of the 'substrate inhibition' autocatalysis corresponds to the increase in the rate of the reaction h -a as the reaction progresses, i.e. as we move from right to left on a rate curve in Fig. 2 in [l] . The assumption that a 4 h used in [ 11 and [2] and here is valid in vivo (see [3] ). We also see from eqn l(a) that h reduces the rate of production of a, both because of the substrate inhibition [the first term in eqn l(a)] and also because readily oxidizable subAbbreviations used: PLC, phospholipase C; PK, protein kinase; PLA,, phospholipase A,; AC, adenylate cyclase. strates such as glucose (which we assume will yield h ) stimulate the release of intracellular a into the external milieu 141. Indeed, Sutherland and co-workers sugest that a is actively pumped out of the cell (see reference 2 in [S]). h should be a major requirement for such active pumping. This active pumping is represented by -k . h . a in eqn 1 (a). Thus f,, < 0. f,, < 0 is important for long-range inhibition in order to keep the autocatalysis local, and the fact that there is an excess of h in relation to a and that the species A T P -, ATPMg?-, Fig. 1 . Establishment and persistence of lysogeny, segmentpolarity and homoeotic selector gene transcription A non-linear curve represents the rate of transcription (M production) or the rate of translation ( R production), i.e. it represents the sum of positive terms in eqn ( 5 ) . The straight line represents the linear term in eqn ( 5 ) and the rate of loss of M (or R). An intersection of a non-linear curve with the linear curve represents a steady state. For the lower nonlinear curve an unstable steady state separates two stable steady states. For increasing a the non-linear curves are displaced upwards. Beyond a critical a there is only the 'high' steady state and an abrupt transition occurs from the low to the high steady state. But if a is now decreased, the system remains in the high steady state. The irreversible 'hysteresis' is depicted in the inset. 633rd MEETING, LONDON ATPH' ~ have higher charges than cyclic AMP' ~, result in a higher flux for h than for a which contributes to the longrange inhibition. Referring to eqn l(b), Z , > 0 and therefore g,, > 0. Many processes contribute to the fact that z,, > 0. a stimulates catabolism and inhibits anabolism. Thus it accelerates glycogen breakdown, but inhibits its synthesis. Similarly, a stimulates lipid hydrolysis. This mobilization of stored metabolites yields fuel for the Krebs cycle.
a also activates the dehydrogenases and @-oxidation via an increase in cytoplasmic Ca2+ [6, 71. Furthermore, a stimulates various h-requiring processes, e.g. the energetically costly gluconeogenesis, urea synthesis, citrulline synthesis [7] , or neural activity ( [ 5 ] and reference 34 therein); the resulting ADP activates electron transfer not only via a decrease in Ap [6] , but also by activating enzymes such as phosphofructokinase and isocitric dehydrogenase. From eqn I(b), we see that g,,<O. The inhibition expressed by r ( h ) represents again the substrate inhibition of adenylate cyclase since an excess of h inhibits a production; but since, as we saw above, a leads to h production, excess h inhibits h production. This is further reinforced by inhibitions such as h inhibiting phosphofructokinase (again by 'substrate inhibition') and isocitric dehydrogenase. The resulting inhibitions of glycolysis and the Krebs cycle inhibit h production.
-w ( h ) in eqn l(b) represents the consumption of h in energy-requiring processes. The observation that glucose, amino acids and fatty acids (Krebs cycle inputs) hinder a production has been an intriguing problem [4] . The substrate inhibition of adenylate cyclase [ 11 can now explain this. The four inequalities f, > 0, fi, < 0, g,, > 0 and g,, < 0, together with thc long-range inhibition condition discussed above, define an activator-inhibitor system [8, 91 . But a activates gene transcription in prokaryotes and eukaryotes [ 10, 111. Therefore, a is not only the 'activator', but also the 'morphogen' capable o f specifying non-uniform positional information for a large enough K?''. Furthermore, since the nucleotides a and h diffuse between cells via gap junctions, in particular when KfYc is large enough [ 51, we have a realization of Turing's reactiondiffusion morphogenetic system [ 121.
Extracellular signals that activate the PLC (phospholipase C) pathway, the tyrosine-specific protein kinases and the arachidonic acid metabolism, can also stimulate a production [13] [14] [15] [16] and also h production [7] . Furthermore, in addition to the 'substrate inhibition' autocatalysis expressed in eqn 1 (a), the cross-talk between cellular signalling pathways also contributes to the autocatalysis, i.e. to fi, > 0, in many ways. For example, a activates protein kinase A (PK-A), which phosphorylates lipocortin and this releases the inhibition of phospholipase A, (PLA,). The released arachidonic acid is converted to E-type prostaglandins which exit the cell and stimulate adenylate cyclase (AC) activity [15, 161. In another autocatalytic chain, a stimulates Ca2+ entry to the cell, see e.g. 171, Ca2+ activates PLA, which again leads to a production. This Ca2+ can also activate PK-C which leads to a production again via arachidonic acid release [15] , via phosphorylation of AC catalytic unit [ 131 or via phosphorylation of the a-subunit of G, [14] . The various autocatalyses will lead to prolonged (hysteretic) activation of the AC and PLC. The product, diacylglycerol, may also contribute to PLC activation ([ 151, p. 99).
Consider phage 1. In a lysogen, repressor ( R ) binds cooperatively at 0 , l and 0,2 thus stimulating p,, and the transcription of its own gene to mRNA ( M ) [ 171. Accordingly, consider the following equations:
We assume as in [ 181 that transcription and translation are separated in time. Therefore, we put R = 0 , and get for mRNA (after a change of coordinates) an equation of the form: (4) and and a similar equa!ion for R. Eqn (5) re resents an irreversible hysteresis of M versus a (see Fig. 1y This explains both the establishment of lysogeny and its known persistence, i.e. its memory (in the absence of U.V. irradiation). The gene cl is analogous to a homoeotic gene [ 171 and in fact there is now both morphological and molecular evidence that this is so [20] . An equation of the form of eqn (5) was first used by Meinhardt [21] , together with a non-linear activator-inhibitor reaction-diffusion system that specifies non-uniform positional information. Eqns (2) and (5) are a realization of the system in [2 11.
